INTRODUCTION {#sec1-1}
============

Meningiomas are among the most common primary central nervous system (CNS) tumors accounting for 28% of all CNS tumors in Iran.\[[@ref1]\] According to the World Health Organization (WHO) classification, meningiomas are classified into three grades; the grade I refers to curable benign tumors with low proliferative index, grade II indicates naturally infiltrative tumors, which often recur and tend to progress to higher grades of malignancy, and grade III is known as malignant meningioma.\[[@ref2]\] Studies showed that 90% of all meningiomas are benign tumors and 10% are in grade II or III, with unfavorable clinical courses.\[[@ref3]\] Grade I meningioma sometimes shows malignant progression and recurrence is also observed among this grade.\[[@ref4][@ref5]\] However, the risk of recurrence is 30-40% for grade II with 5-year survival of 67.5% and 50-80% for grade III with 5-year survival of 60%.\[[@ref4]\] The treatment strategies suggested for meningioma include surgical resection as well as non-surgical interventions. The high recurrence rate after the surgery in resected meningioma has led to the use of additional therapy to control the tumor growth.\[[@ref6]\] However, controlling the recurrence rate continues to be a clinical challenge, and routinely there is no pharmaceutical agent to use for adjuvant chemotherapy of meningioma.\[[@ref7][@ref8]\] Recent studies have focused on new molecular markers as potential therapeutic targets in the treatment of malignant tumors. Cyclooxygenase-2 (COX-2) is one of the new molecular markers studied in this regard. The COX-2 enzyme is overexpressed in different types of tumors including lung, pancreatic, colon, glioma, head and neck, and prostate tumors. This enzyme is also known to be associated with malignant behavior of tumors.\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13]\]

COX-mediated synthesis of prostaglandins is believed to be associated with the development of inflammation; therefore, non-steroidal anti-inflammatory drugs have anti-inflammatory effects by inhibiting COX through this way. Experimental animal studies suggested that COX-2 inhibitors may slow down the growth of tumors.\[[@ref14][@ref15]\] Also, the studies on COX-2 inhibitors and their effect on the response of malignant tumors to radiotherapy showed that COX-2 inhibitors can increase the therapeutic effects of radiotherapy.\[[@ref16][@ref17][@ref18][@ref19]\]

Up to now, there are limited data regarding the expression of COX-2 in human meningioma. We determined the association of COX-2 expression with different grades of human meningioma to evaluate COX-2 as a potential target for chemical intervention in these tumors.

MATERIALS AND METHODS {#sec1-2}
=====================

This retrospective study was conducted on surgical specimens obtained from adult patients with meningioma referred to the Alzahra University Hospital in Isfahan City (Iran) between 2012 and 2013. The study was approved by the Ethics Committee of the Isfahan University of Medical Sciences.

Data regarding patient\'s age and gender were gathered from the patients' documents. All the slides were examined for the expression of COX-2 by a single pathologist as follows:

Section preparation {#sec2-1}
-------------------

The specimens were fixed with formalin, embedded in paraffin, and stained with hematoxylin and eosin (H and E) and the sections were prepared and meningioma was approved and classified according to the WHO 2007.\[[@ref2]\] The tumors immunohistochemical study and grading performed on paraffin-embedded sections of meningioma specimens. The specimens were deparaffinized, dehydrated, and then were boiled in ethylene-diamine-tetraacetic acid buffer (pH 9.0) for 20 minutes. The anti-COX-2 antibody (Gennova Scientific S.L.C, Spain, Johann Gulenberg, Clone: SP21, Rabbit Mc Ab) were incubated at 4°C overnight and reacted with a dextran polymer reagent combined with secondary antibodies and peroxidase (Envision, Biogenex, San Ramon, CA). The scoring of COX-2 staining intensity was done on the basis of the percentage of immunopositive cells as follows: 0 was considered when 0-10% of tumoral cells were stained; +1 was considered as more than 10% of the tumoral cells and a part of the cell membrane stained weakly; +2 was considered as more than 10% of the tumoral cells and complete cell membrane stained weakly; and +3 was considered as more than 30% of the tumoral cells and complete cell membrane stained. If the samples were scored 0 or +1 the marker of COX-2 was considered as negative and if the samples were scored +2 or +3 the marker of COX-2 was considered as positive \[Figure [1a](#F1){ref-type="fig"}--[c](#F1){ref-type="fig"}\].\[[@ref20]\] Positive control staining was done with a certain breast cancer with + 3 COX-2 expression and negative control staining was done with non-tumoral stromal cells of the breast cancers specimens.

![The COX-2 staining intensity. (a) More than 10% of the tumoral cells and a part of the cell membrane are stained weakly (score +1). (b) More than 10% of the tumoral cells and complete cell membrane are stained weakly (score +2). (c) More than 30% of the tumoral cells and complete cell membrane are stained (score +3)](ABR-3-211-g001){#F1}

Analyses were done using the SPSS software (version 16.0) for windows. Quantitative and qualitative variables are presented as mean ± standard deviation (SD) and number (%), respectively. Association between the tumor grades and COX-2 expression was checked using the Chi-Square test, with a *P* value less than 0.05 considered as statistically significant.

RESULTS {#sec1-3}
=======

A total of 90 meningioma sections from 26 (28.9%) male and 64 (71.1%) female patients with mean ± SD of age = 53.0 ± 13.2 years were studied. WHO tumor grade was I in 68 (75.6%), II in 19 (21.1%), and III in 3 (3.3%) of the studied cases.

Among all tumoral grades, 33 (36.7%) slides were COX-2 positive. The association between tumoral grades with COX-2 expression is described in [Table 1](#T1){ref-type="table"}. COX-2 was positive more frequently in tumors with higher WHO grades (*P* \< 0.001). There was a significant correlation between WHO tumor grade and COX-2 expression; more aggressive tumors were associated with increasingly higher levels of COX-2 expression, [Figure 2](#F2){ref-type="fig"} (*r* = 422, *P* \< 0.001). No association was found between COX-2 expression and age (*P* = 0.765) or gender (*P* = 0.290).
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![The association of tumoral grade with COX-2 expression; r = 0.519, *P* \< 0.001](ABR-3-211-g003){#F2}

DISCUSSION {#sec1-4}
==========

The aim of this study was to investigate the association between different grades of human meningioma and COX-2 expression, to evaluate the COX-2 as a potential target for chemical intervention in these tumors. Our study results showed a significant association between tumor grade and COX-2 expression among human meningioma as more aggressive tumors were associated with higher levels of COX-2 expression. Previous studies in this regard have shown similar results. Pfister and colleagues in their study on 124 meningioma surgical specimens and normal human cortical tissue samples found high COX-2 immunoreactivity in 100%, 88%, and 63% of malignant, atypical, and benign meningiomas, respectively, but not in normal human cortex and dura tissue.\[[@ref21]\] A study by Lee *et al*. on 88 specimens of meningioma showed a correlation between COX-2 expression and the recurrence and invasiveness of meningioma. It was also observed that there is a relationship between vascular endothelial growth factor (VEGF) level and COX-2 expression, and they were both correlated with tumor necrosis.\[[@ref22]\] Another study on the expression of COX-2 in human meningioma and its correlation with vasogenic brain edema showed that COX-2 and VEGF expression are associated with more aggressive meningioma, and also are related with the development of meningioma-associated brain edema.\[[@ref23]\] The study by Kato and colleagues on 76 cases of meningioma indicated that COX-2 expression was significantly correlated with MIB-1 labeling index which is an accurate predictor for tumor grade and risk of recurrence.\[[@ref24]\] In this regard, a cohort study on 247 cases of meningioma showed that the recurrence rate among the patients with COX-2 presenting tumors is significantly higher compared with non-recurrent tumors.\[[@ref25]\]

The studies with the purpose of mechanistical evaluation of the association between COX-2 expression and tumors' aggressive behavior revealed that COX-2 derives prostaglandins that can cause tumor growth by inducing newly formed blood vessels and sustain the viability of tumoral cell.\[[@ref26]\] These findings lead us to two leaps in diagnosis as well as the management of meningioma:(1) in the cases that histological grading of meningioma is not straightforward, immunohistochemical evaluation of COX-2 expression can provide information about the behavior of the tumor; the tumors that are presenting more COX-2 marker are more aggressive with undesirable future, and (2) as the current management strategies for recurrent or malignant meningioma with adjuvant therapies has not been satisfactory,\[[@ref7]\] the study on new molecular markers to act as therapeutic targets is valuable. The COX-2 is universally expressing in meningioma but not in normal human cortex and dural tissue. Therefore, it can be a possible target for chemotherapeutic intervention and mechanistically anti-COX2 agents can have antiangiogenic activity. In this regard, study on a rat model of angiogenesis showed that corneal blood vessel formation is suppressed by celecoxib which is an anti-COX-2 agent.\[[@ref26]\] Another similar study on nude mice showed that celecoxib can inhibit the growth of meningioma, reduce the vascularity, and increase tumoral cell apoptosis.\[[@ref27]\]

There are some limitations to our study. We did not follow patients to evaluate the association between COX-2 expression and tumor recurrence. Also, there were only three cases with tumor grade III in our study and a larger sample size would provide a better analysis.

CONCLUSION {#sec1-5}
==========

In summary, our study showed that there is a strong relationship between COX-2 expression and tumoral grade in meningioma and more aggressive tumors present more COX-2 marker. Prospective studies are needed to determine the association of COX-2 expression with tumor recurrence. COX-2 inhibitors may play a role in anticancer therapy of meningioma and studies are warranted in this regard.
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